elastic tissue is a histological feature of aortic aneurysms.
bypass graft surgery (CABG) or aortic valve replacement Although numerous studies have been conducted to clarify surgery (n539) ( Table 1) . Since the structure of the aorta the mechanism and pathogenesis of the disease, the precise is not uniform and the physical stress is different along its mechanisms remain to be determined; however, several length, these specimens were used as control in our study. potential mechanisms have been proposed, including
In the operation room the tissues were rapidly immersed in hemodynamic force, transmural inflammation, and destrucphysiological saline on ice and washed. For immunotive remodeling of the extracellular matrix [1] [2] [3] [4] . An histochemistry and fluorescent microtopography examinaimbalance between matrix metalloproteinases (MMPs) and tions, they were embedded in OCT compound and snap their inhibitors is crucial in the remodeling of the aortic frozen in liquid nitrogen and stored at 280 8C until use. wall, and the activities of these factors are more enhanced For protein extraction, they were rapidly washed and by inflammatory cell infiltrates [5] [6] [7] [8] . Reactive oxygen immersed in liquid nitrogen. All tissues were taken in species (ROS) activate MMPs [9] , suggesting a possible accordance with a protocol approved by the Kobe Unirole of oxidative stress in the pathogenesis of aortic versity of Medicine Human Research Committee, and aneurysms.
informed consent was obtained from all patients. Oxidative stress induced by ROS plays an important role in the pathogenesis of a variety of cardiovascular diseases, including atherosclerosis, hypertensive vascular disease, 2 .2. Immunohistochemistry and coronary artery disease [10, 11] . The redox state is finely tuned to preserve cellular homeostasis through the Immunohistochemistry was carried out as previously expression of oxidant and antioxidant enzymes. The mechdescribed [16] . In brief, serial cryostat sections (6 mm) anisms of ROS production in non-phagocytic cells are not were fixed with 100% acetone at 220 8C for 10 min, fully understood; however, it has become clear that blocked with carrier protein (Dako LSAB kitீ, Dako NADH / NADPH oxidase plays a prominent role as the A / S) for 30 min at room temperature, and then incubated source of ROS [12] . On the other hand, angiotensin II with a primary antibody overnight at 4 8C. The primary phox (Ang II) exerts numerous biological effects on the carantibodies were rabbit polyclonal anti-human p22 diovascular system, including vascular hypertrophy, cell antibody against the synthetic peptide corresponding to the proliferation, migration, induction of cytokines, production of extracellular matrix, and activation of macrophages, and it activates NADH / NADPH oxidase in cultured vascular . Briefly, specimens of thoracic aorta were The sections were blindly graded by three independent incubated with 10 mM diethyldithiocarbamate (Sigma), an senior pathologists. All aortic sections were also digitized inhibitor of copper zinc superoxide dismutase, for 30 min by a digital camera, and examined in detail regarding the in Hepes-buffered physiological saline solution and then phox tunica media. The surface area occupied by p22 was gently transferred to vials containing 5 mmol / l lucigenin outlined by computer-aided planimetry with the use of (Sigma); this concentration of lucigenin accurately reflects image analysis software (Macscope, Mitani Co). The levels of ambient superoxide and is not subject to the positive immunoreactivity areas were measured automatartifactual production of superoxide observed with higher ically by using color-scale detection with a fixed threshold.
concentrations of the agent [19, 20] . The light reaction phox The relative expression of p22 was expressed as the between superoxide and lucigenin was detected using a ratio of positive area to total area of the tunica media in chemiluminescence reader (BLR-201, Aloka). The chemieach section.
luminescence signal was expressed as average counts per minute for 15-min periods per mg dry tissue. Superoxide levels were also measured in the presence of 10 mM diphenylene iodium (DPI), a selective inhibitor of flavin-2 .4. Western blot analysis containing enzyme including NADH / NADPH oxidase.
A portion of the aortic tissues was homogenized with a buffer containing protease inhibitors (50 mmol / l Tris / HCl, pH 7.4, 1 mmol / l EDTA, 500 mmol / l phenylmethyl-2 .6. In situ zymography sulfonyl fluoride (PMSF), 2 mmol / l leupeptin, and 10 phox mg / ml aprotinin), centrifuged, and the supernatant colTo examine the interaction of p22 and the activities lected. Equal amounts of protein (50 mg protein per lane), of MMPs, in situ zymography was carried out with MMP estimated by the method of Bradford (Bio-Rad), were in situ Zymo-Film (Wako Pure Chemical Industries, Ltd), electrophoresed on a 15% SDS-polyacrylamide gel and composed of a 7 mm thick layer of special gelatin on a then electrophoretically transferred onto a polyvinylidene polyester. Unfixed frozen samples were cut into 5 mm difluoride membrane (Milli-poreீ). The membrane was thick sections, placed on the films and incubated at 37 8C blocked with the buffer (10 mmol / l Tris / HCl, pH 7.4, 100 in a humidified chamber for 24 h. The films were then mmol / l NaCl, and 0.1% Tween-20ீ) containing 5% skim dried at room temperature for 30 min, stained with milk at room temperature for 1 h and incubated with Biebrich Scarlet Stain Solution for 4 min, washed, and phox anti-human p22 antibody at 4 8C overnight, then incuthen counter-stained with Mayer's hematoxylin solution. bated with horseradish peroxidase-labeled donkey antiThe films were thus stained, leaving light colored the areas rabbit immunogloblin antibodies (Amersham) at room where gelatin was digested with proteases. Furthermore, to distinguish MMP activity from other protease activities, we also used MMP-PT in situ Zymo-Film (Wako Pure Chemical Industries, Ltd), pre-coated with gelatin and 1,10-phenanthroline as an MMP inhibitor.
.7. Statistics
Results are expressed as the mean6S.E.M. P,0.05 was considered statistically significant. For comparison of clinical and immunohistochemical data, the unpaired Student's t-test was used for continuous data, and the MannWhitney U-test was used for nonparametric continuous data. For comparison of continuous data within the four groups (control-advanced, control-early, TAA-early, TAAadvanced), one-way analysis of variance and a post hoc multiple comparisons test (Fisher's) were used. Univariate 
. Results

.1. Clinical characteristics of patients and histological findings
The clinical profiles of patients are shown in Table 1 . All sections were examined by hematoxylin-eosin staining. Intimal thickening was observed in all specimens of control and aneurysmal aortae. In the segments of the aneurysmal aortae, additional pathological changes, including thinning of the media followed by loss of SMCs, and intimal disorganization, were observed. The majority of intima and media of aneurysmal aortae were hypocellular, and these regions consisted of dense connective tissue and a few SMCs. In some aneurysmal aortae, however, dramatic changes were observed in the cellular composition of the aortic wall associated with massive infiltration of mononuclear cells in the adventitia and the external layer of the media. were detected in the endothelium, intima, media, and phox (E) p22 was also detectable in the hypocellular regions of the media.
adventitia of control aortae (Fig. 1A) . In contrast, intense tima, but scarcely in the media ( Fig. 2A-C) . It was more
intense in TAA than in the control aortae (Fig. 2D-F tected.
TAA5thoracic aortic aneurysm.
To investigate the influence of the degree of atherophox sclerosis, we compared the expression of p22 in aortic generation of ROS was markedly enhanced in hypercelluspecimens having a similar degree of atherosclerosis. lar regions that consisted of inflammatory cells (Fig. 1B According to the American Heart Association (AHA) and C). Superoxide production from TAA tissue detected classification [21] , all specimens were divided into early by lucigenin chemiluminescence was significantly in-(class I-III) and advanced stage (IV-VI) atherosclerosis. creased compared with control aorta (Fig. 1D ). Pre-incubaAs shown in Table 2 , the degree of atherosclerosis phox tion with DPI decreased superoxide production to similar influenced the expression of p22 . However, in the early levels ( Fig. 1D ), indicating that it was mainly responsible and advanced stages, expression in the aneurysmal aorta for NADH / NADPH oxidase.
was much higher compared with the non-aneurysmal aorta. Western blot analysis confirmed an approximately 5.5-phox fold enhanced expression of p22 in aneurysmal aortae compared with the control (Fig. 3A and B) . phages (Fig. 4C) , and lymphocytes. ACE immunoreactivity was also detected in endothelial cells of microvessels (Fig. 4C) . Interestingly, there was an accumulation of chymase-positive cells in the hypercellular region of the media and adventitia (Fig. 4E) . In the hypocellular region of the media where the number of SMCs was small, little staining of ACE and chymase was observed. The number of chymase-positive cells in TAA was significantly higher than that in the control (Fig. 5A, B, and F) . Chymasephox positive mast cells did not express p22 (Fig. 5C-E) ; however, the localization was closely associated with phox p22 . Thus, although the overlapping was not complete, The activity of MMPs is an important determinant of the integrity of the extracellular matrix and stiffness of the chemistry with anti-human ACE antibody and anti-human aortic wall, and ROS activate MMPs [9] . Therefore, the phox chymase antibody was carried out. The immunoreactivity relation of NADH / NADPH oxidase p22 to the activity of ACE and chymase was mainly detected in the hyof MMPs in TAA was examined. In situ zymography percellular region of the aneurysmal aortae. In the hydemonstrated that the activity of MMPs was markedly phox percellular region, accumulating cells expressed p22 increased in the aneurysmal aortae compared with the strongly (Fig. 4A) , and many of these cells were CD68-control (Fig. 6) . Interestingly, the immunohistochemical positive macrophages (Fig. 4B) , ACE-positive macroanalysis of serial sections demonstrated that the activity of phox MMPs almost overlapped the immunoreactivity of p22 .
.6. Medical treatment with statin and angiotensin receptor antagonist decreased oxidative stress in TAA
Of 40 patients with TAA, 36 had received one or several anti-hypertensive drugs, and 11 had received statin therapy before operation (Table 1) . First, univariate regression analysis was performed to discern which medical treatment phox was associated with a variety of p22 expression in the aneurysmal aortae. In the univariate model, there was an indicated that the enhanced formation of Ang II in did not reach significance (Table 3) . atherosclerotic lesions was mediated by the action of chymase [22] . Furthermore, they demonstrated that ACE immunoreactivity was seen in endothelial cells of the vasa vasorum in the adventitia as well as in macrophages of the 4 . Discussion neointimal lesions of aneurysmal aortae, and that chymase immunoreactivity appeared in mast cells in aneurysmal In the present investigation, we demonstrated that the aortae but not in normal or atherosclerotic aortae [22] . generation of ROS in the aneurysmal aortae was markedly In the present investigation, we found that the number of phox between p22 -based NADH / NADPH oxidase and the diabetic patients in the aneurysm group was less than that renin-angiotensin system. Furthermore, in situ zymogin the control group. Diabetes has, in general, a deleterious raphy demonstrated that the activity of MMPs in the influence on the pathogenesis of vascular disease. Howaneurysmal aortae overlapped this oxidase.
ever, many previous epidemiological investigations indiMultiple interacting factors are probably involved in the cated that diabetes was a negative risk factor for aortic pathogenesis and mechanisms of aortic aneurysmal formaaneurysm, although the precise mechanisms remain undetion such as hemodynamic forces, transmural inflammatermined [24, 25] . Our results confirmed these previous tion, apoptosis, and destructive remodeling of the extracelresults. The presence of diabetes might influence the lular matrix [1] [2] [3] [4] . MMPs are important enzymes responresults; however, there was no correlation of these varisible for extracellular matrix degradation by proteases ables, indicating that the diabetic state had no effect in the derived from inflammatory cells infiltrating aortic walls present study. [5] [6] [7] [8] . In the present study, the production of ROS and the Currently, the management of small thoracic aneurysms in the pathogenesis of thoracic aortic aneurysms. Statin
Evidence for enhanced vascular superoxide anion production in
